A system in need of repair {#Sec1}
==========================

Modern healthcare systems have a numbers problem: specifically, 60, 30, and 10. Despite all the resourcefulness and efforts of the past 30 years, the healthcare delivery cart remains stuck in a debilitating underperformance rut \[[@CR1]\]. Care in-line with guidelines hovers at 60% as shown by large empirical studies of multiple conditions in adults and children in the USA, England, and Australia \[[@CR2]--[@CR6]\]. Some 30% of care is waste, duplication, or of low value, according to several authoritative sources including Berwick and the Organisation for Economic Co-operation and Development (OECD) \[[@CR7]--[@CR10]\], for which considerable expenditure cannot be justified. And many studies have documented how iatrogenic harm or adverse events befall at least 10% of patients globally \[[@CR11]--[@CR15]\].

Consider for a moment, if civil aviation, car manufacturing, or the software design industry achieved 60% reliability of service delivery in commercial passenger journeys, new motor vehicles, and just-released software programs. Imagine further if these sectors had a 30% inefficiency rate when producing their outcomes, and they harmed 1 in 10 of their customers. This would not, surely, be tolerated. Healthcare is more complex than those industries, but spends less effort on improvement.

These headline healthcare numbers persist and may become worse when we consider everything that is coming down the health innovation pipeline. Advances in precision medicine, genomics, new generation drugs, AI, and brain sciences are all in various stages of development or take up in healthcare---with the potential to do both good and harm to the system. If the 60-30-10 Challenge represents a strong signal that the system is not fit for purpose now, how will it cope with an avalanche of these advanced technologies? This new evidence has the potential to deliver new cures and to save and extend lives, but if not adopted effectively, or across-the-board, then the proportion of evidence-based care could fall, not rise. New technologies also increase the complexity of care---and add more risk, and if they do not provide an adequate return on investment may add more waste. They could also introduce more potential for increased iatrogenic harm. The 60-30-10 Challenge is standing in the way of progress.

Where we are now? {#Sec2}
=================

To meet the Challenge, there is an urgent need for a conceptual leap in our understanding of how healthcare systems respond to relentless demands, internal and external pressures, and naturally evolve. Stretched clinicians and healthcare professionals see the symptoms of systems underperformance every day, so they are accustomed to frustrations, and, deft at work-arounds, mostly give of their best in a difficult system \[[@CR16]\]. Managers, policymakers, ministers of health, and other politicians see it too, manifesting in the myriad of disparate matters (errors, human resource problems, politics, funding, and socio-economic issues) they have to grapple with, alongside weekly or daily media crises \[[@CR17], [@CR18]\]. It is not the workforce, any more than it is the patient, at fault. Today's episodic, fragmented, and hierarchical models of healthcare delivery and organisational governance are straining because they are built for the past \[[@CR15], [@CR19], [@CR20]\]. And the pace of change is exhausting, with people struggling to keep up. Indeed, new research is making around 7% of 'best practice' obsolete each year \[[@CR21]\], and an average of five new diseases are added to Medline every week \[[@CR22]\].

Meanwhile, research on healthcare systems, using increasingly sophisticated methods and approaches, and drawing on the same complexity science and network theories used to understand biological processes, is beginning to reveal deep insights into how things really work \[[@CR23]--[@CR26]\] (for definitions of terms, see Table [1](#Tab1){ref-type="table"}). The answer is not the introduction of yet more rigid policies or re-arrangement of organisational charts in the vain attempt to restructure once again. That type of approach is based on linear thinking---to which humans all-too-often default. Such simplistic, if-then logic serves us well when making straightforward decisions, but it is insufficient for the wicked problems that now present to us in healthcare settings \[[@CR29]--[@CR31]\]. Table 1Glossary of termsTermDefinitionsComplex adaptive systemA dynamic, self-similar collectivity of interacting agents and their artefacts with emergent behaviours and characterised by nonlinearity, e.g. a large hospital.ComplexityThe behaviour embedded in highly composite systems or models of systems with large numbers of interacting components (e.g. agents, artefacts and groups); their ongoing, repeated interactions create local rules and rich, collective behaviours.Complexity scienceA discipline drawing on the study of systems sciences, accounting for and describing the core features and behaviours of different kinds of complex adaptive systems.EmergenceBehaviours that are built from smaller or simpler entities, the characteristics or properties of which arise through the interactions of those smaller or simpler entities; the larger entities are one level up in scale and manifest as structures, patterns, properties, or collective behaviours.Learning health systemA system at the crossroads of people and information systems---i.e. one that is 'sociotechnical'---and that enables virtuous learning cycles through an underlying information infrastructure. Through the implementation of virtuous learning cycles, a learning system is informed by evidence and actionable data in 'real-time' and creates the foundations of a system capable of meeting systems-wide, clinically oriented, and patient-relevant delivery targets.NetworkAn interlocking web of relationships or connections at varying levels of scale in a system; the agents or artefacts are the nodes and the relationships between them are lines or vectors, which together describe the structure of the interactions of the network's membership.Sources: Boeing \[[@CR27]\]; Braithwaite et al. \[[@CR24], [@CR28]\]

Complexity science is making breakthroughs in understanding the dynamic webs of virtually infinite combinations of interactions required to deliver effective care. These complex healthcare ecosystems resist standardisation, and inevitably flex and adapt in the face of constant change and shifting pressures \[[@CR32]\]. We can only improve them if we understand them as such. An example of how organic change across clinical practice can be induced is a network of clinicians, researchers, clinician-researchers, and patients in eastern Sydney, Australia, which nurtured their collaboration over a 6-year period, and achieved substantial growth in individuals involved in the collective strength of the network (Fig. [1](#Fig1){ref-type="fig"}). Network expansion was made possible through the allocation of research funding, so the partnership was strengthened diachronically. This included supporting the activities of opinion leaders and collaborators conducting and funding joint projects. An ethos of promoting inclusivity and teamwork was inculcated, and participation in educational and other events encouraged. Fig. 1Social-professional network changes measured via a social network analysis of the Translational Cancer Research Network (TCRN) in Eastern Sydney, Australia. Each dot (node) represents a TCRN member, and each line (vector) a collaborative tie (adapted from Long et al. \[[@CR33]\]). Permission is provided under Creative Commons Attribution License 4.0

Managers might persist with hierarchical accountability charts and more policy pronouncements as solutions, but seeking to drive improvements to clinical practice via top-down edicts has rarely worked satisfactorily for those on the front lines of care. Complex healthcare systems do not respond in a linear way to what the high-level architects of change intend \[[@CR28], [@CR34]\]. But they do respond if provided with incentives, resources, encouragement, data, feedback, tools, and fewer constraints, as exhibited by the social network study. Across the 6 years, 2012 to 2017, network members could apply for funding together (incentives), a biobank was established (resources), members were supported by an administrative team to underpin progress and collaboration (encouragement, fewer constraints), and biostatistical support (data) and implementation science expertise (tools, feedback) were made widely available. Although direct attribution of the TCRN's collaborative growth to downstream outcomes is difficult when so many variables in health systems are changing, there are some key accomplishments. The collaboration was funded by a modest research award of AUD\$6.5 million in 2012 and again in 2017. In this time, the network published 1513 articles, leveraged a further \$170,898,488 of funding, led or enabled over 50 research projects, and supported over 50 PhD students, and by February 2017, there were 2130 biobank participants. The TCRN initiated clinical improvement projects, including those to enhance quality of care in surgical oncology and multi-disciplinary care. In a 2015 survey of the network, a sub-sample of 122 respondents answering an open question indicated that changes in practice as a result of TCRN activities included enhanced engagement with consumers (42 respondents, 34%), the biobank (35, 29%), and diagnostic improvements around hereditary breast, ovarian, or colorectal cancer (5, 4%). By 2017, approximately two thirds of all respondents had been involved in new translational projects not funded by the TCRN but coming about as a result of TCRN involvement.

As well as beginning to understand the strengths of these kinds of networked collaborative structures, researchers have gradually realised that healthcare systems are non-deterministic and behaviours are emergent---that is, it is not possible to confidently predict the future by generalising from the past \[[@CR28]\]. For example, medical errors have long been scrutinised using 'root cause analysis' that promises to identify and 'fix' the pathways to sometimes tragic failures. It is, of course, critical to establish how failures occur. But the answers may not effectively inform future safety protocols or avert further harm because few errors follow the same pathways within those complex webs of interactions that healthcare delivery entails. Initiating more rigid policies and procedures following such analyses in the expectation that the same confluence of events will arise in the future can have adverse effects by restricting the system and hampering the ability of teams to adapt in response to dynamic situations.

A way forward {#Sec3}
=============

How then, can we use this knowledge and evidence from other examples \[[@CR35]--[@CR37]\] to break the impasse to achieve better, more cost-effective, and safer care? The 60-30-10 Challenge is ample warning against trudging along the same well-worn tracks to disappointment. Today's popular 'solutions' such as restructuring \[[@CR38]\], constantly fiddling with policy settings \[[@CR39]\], adding more and more bureaucracy \[[@CR40], [@CR41]\], and introducing a new election manifesto or imposing fresh targets on the system every time a government changes \[[@CR42]\] keep lots of people busy implementing 'change' but beyond superficialities; these measures conspire to constrain systems and contribute much inertia. In the end, all this top-down activity is not genuine improvement and just adds up to the same 60-30-10 gridlock.

Accumulating research across healthcare systems is reinforcing the view that we need to take the different approach that the network model signifies. We need to study, design, and test new integrated, interdisciplinary, and evidence-based models that can keep pace with inevitable changes in our knowledge, narrowing the gulf between research and clinical practice. These will be models that induce collaboration and transcend specialty silos; that link hospitals, primary care, aged care, and community services; and that can guide well-informed patients along clearer, evidence-based healthcare pathways, for their immediate health needs, and across their lifespan, from birth through paediatric to adult and aged care \[[@CR23], [@CR43], [@CR44]\]. Such an approach requires multi-pronged strategies, from exploiting information and decision-support technologies to new health financing models that reward good care, de-fund futile or marginal care, and provide incentives to excel. That is just the first step.

We have been focusing intently on errors and waste while largely ignoring the majority of care that is delivered effectively, despite considerable pressures at the clinical coalface. Flip the question that way and we can ask how, in a system this complex, does so much care go well in everyday practice? \[[@CR45]\] And, within the landscape of good care that is well delivered, where are the best examples of exemplary practice? Therein lie many of the secrets of success \[[@CR26]\]. Learning from what goes right could help shift the dial on those headline numbers. In every healthcare system, we can dig a little deeper into each of those three figures to find useful variability. There are always stand out performers providing better care, creating less waste, or making fewer errors. They have much to offer other parts of the system operating under similar conditions.

Yet we are not very accomplished at spreading good practices across entire health systems, so islands of excellence can be found, but amongst oceans of poorer or even mediocre care, and the lessons are not shared, nor the better practices widely adopted. Those scattered exemplars already exist---such as the research networks for undiagnosed diseases \[[@CR46]\] or the clinical improvement networks for cystic fibrosis \[[@CR47]\], or more generally that better mortality and quality is correlated with clinical research, particularly the number of patients enrolled in interventional studies \[[@CR48]\]---but they are not the norm, and even these examples can and must continue to reform and improve. In short, to understand health systems and systems performance, we need to focus not only on the problems (e.g. that harm or adverse events occur in 10% of admissions and GP encounters) but also on where things go well (e.g. where patients are kept safe in 90% of cases). For example, the WHO's five moments for medication safety (starting, taking, adding, reviewing, and stopping a medication) \[[@CR49]\] is an evidence-informed way of tackling errors (in the 10% camp), and Hollnagel's resilience analysis grid (four resilience potentials: monitoring, learning, anticipating, and responding) \[[@CR50]\] is a way of promoting more care going right (in the 90% camp).

Going further, there is potential to recalibrate static healthcare models so that organisations, clinical teams, and patients can learn for themselves, effectively improving processes on the go \[[@CR51]\]. This is not fanciful and, in complex systems, is in reality the only way to proceed, because we simply cannot expect professionals on the front lines of care to respond to command and control management models rooted in the past. We have, or are assembling, the data mining tools, the ubiquitous digital connectivity, the mobile devices, and the burgeoning data banks and research registries to support coalface decision-making at virtually every step---and to constantly feed lessons back into care processes for continuous optimisation. This means harvesting big data, aggregated and configured as the engine of knowledge generation and application. It also means developing the next generation of clinicians such that they are adept with managing information and sure-footed with continuous improvement methods and systems-based approaches to practice \[[@CR52]\]. Bring this together, and it is a learning system \[[@CR53]--[@CR55]\].

The deep learning health system {#Sec4}
===============================

Schematically, the constantly improving system might behave something like the model in Fig. [2](#Fig2){ref-type="fig"}---where feedback is provided in close to real time to clinical teams, patients, managers, and policymakers, and efforts to improve care are much better aligned than today. The overarching idea is to measure progress with improvement over time in a learning environment \[[@CR58]\] with a culture of respect and trust \[[@CR59]\]. The drivers are as follows: being committed to improvement, a readiness and preparedness for change, recognising the capacities for and barriers to progress, an understanding of the types of implementation strategies available, and building sufficient leverage and allocating resources to the fast paced learning needed in today's busy clinical world. While some medical school, nursing, and allied health programs have begun to emphasise the kinds of knowledge, competencies, and skills which will enable clinicians to be systems thinkers and change agents, working in adaptive learning systems and changing those systems as they go along, many do not---or they have not yet gone far enough. The US National Academies of Sciences, Engineering, and Medicine have argued recently that more people in healthcare need to be trained in systems thinking \[[@CR15]\], underscoring our point. Fig. 2Phases of implementation as Formative Evaluation Feedback Loops (FEFL) (adapted from Braithwaite et al. \[[@CR56]\] and Braithwaite et al. \[[@CR57]\]). Used with permission from Oxford University Press

If we make progress in building rapid-learning systems predicated on ongoing improvement, regular feedback to stakeholders, and incorporating patients' perspectives and choices into decisions \[[@CR60]\], we can expect a variety of new models aligned with local conditions and workplace cultures to emerge, most likely centred on the clinical microsystem \[[@CR61]\]. This is the defined, organised group of care staff and associated personnel looking after a targeted population of patients; a far cry from the outmoded concepts of care centred on the individual clinician on the one hand, or the top-down view of a highly structured and hierarchical system beloved of policymakers on the other. Our notion of a clinical-microsystem-as-learning-system is one that is adaptable and fluid rather than rigid and static---in other words, its features are much more closely aligned with the complex adaptive system of which it is an integral part. With such characteristics, the learning health system may be able to bring together and manage data from multiple sources, including information on health status, patients' expectations and preferences, clinical and biological information, genomic data, cost and benefit schedules, and lifestyle and history profiles. All these data will, in the model we hope the system can aspire to, be brought together in useable forms for the benefit of both patients' and clinicians' decision-making \[[@CR62]\]. If we get this right, such flexible and information-rich deep learning systems will replace today's forgetting systems, with their entrenched, standardised, brittle organisational structures. Figure [3](#Fig3){ref-type="fig"} shows how the cycles of advancement in the deep learning health system would work \[[@CR63]\]. It is a high-level sketch outline of what might help us re-energise clinicians to provide more appropriate care, less waste, and safer, higher quality care---underpinned by the data needed to make good decisions, and adjust them over time. Fig. 3Cycles of advancement in the deep learning health system (adapted from Norgeot et al. \[[@CR63]\]). Used with permission from Springer Nature

Examples of such learning systems, or those attempting to emulate the characteristics of a learning health system, are emerging at a rapid pace. Cases in point are studies redesigning the care of lung cancer patients (The Ottawa Health Transformation Model) \[[@CR64]\], the changing roles of researchers in different US settings using learning health system principles to reduce diagnostic errors and near misses \[[@CR65]\], UK policy initiatives to build the infrastructure and data backbone on which the progress of learning health systems will be based \[[@CR66]\], and data collaborations to reduce mortality associated with sepsis amongst 21 hospitals of the Kaiser Permanente North California system \[[@CR67]\] following earlier Kaiser Permanente examples, such as the work on Vioxx, and the early detection of its long-term side effects \[[@CR68]\].

If we fail to make the transition {#Sec5}
=================================

Despite being a relatively new idea, bringing together much that seems to be emerging and in-train in any case, such comprehensive systems models are not optional. We are acutely aware of the continued human and financial cost of current systems underperformance. All that poor care, waste, and iatrogenic harm cost billions of futile healthcare pounds, euros, and dollars. The very healthcare professionals we depend on to deliver quality care and to implement next-generation medical advances are labouring under unsustainable pressures and as a result, too often, feel they are failing their patients, or are burning out \[[@CR69]\]. They need to know that the support mechanisms on which they rely are modernising, they have the tools to address the 60-30-10 Challenge, and they can deliver better care in a system that is daily becoming more complex.

Although the learning model is appealing, it is not guaranteed. In healthcare, some things are quickly accepted and embedded (e.g. laparoscopic techniques, immunisation of infants, day only surgery) and others have been slow in adoption (e.g. patient involvement in decision-making, various kinds of level 1 evidence, and adherence to guidelines such as for alcohol dependence, antibiotic use, and obesity) \[[@CR5]\]. While there will be many variants on the theme, learning health systems will need to spread, principally through diffusion of innovation models and local adaptations \[[@CR70]\]. Nevertheless, the combined thrust of thinking from the embryonic learning health systems literature \[[@CR53]--[@CR55]\], our TCRN case study and others we have pointed to, is attractive and does seem to represent a paradigm shift in re-conceptualising care.

Conclusion {#Sec6}
==========

The learning health system model represents our best option at the moment for shifting the dial on these truculent numbers and rising to the Challenge. All-in-all, worldwide, we are investing heavily in biomedical and technological advances that promise safer, affordable, more effective healthcare. But without commensurate attention to fit-for-purpose, responsive, evidence-based delivery models that are built to learn and are commensurate with a complex systems view of healthcare rather than an inflexible, top-heavy, hierarchically laden command model, we will remain trapped in an Einsteinian Groundhog Day---doing the same thing over and over to achieve the same unsustainable results.
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